On the basis of Monte Carlo experiments it was noted that in the absence of information about the distribution of floods and the economic losses associated with the design of flood reduction measures, the use of the normal distribution to represent the distribution of floods is generally better than either the Gumbel, log normal, or Weibull distributions. Nothing is gained in terms of reducing expected opportunity design losses if the underlying distribution F(x) is ideatitled over and above simply using the normal as the assumed distribution. On the other hand, without identifying F(x) but with some detailed specification of the ratio of overdesign to underdesign losses and with a limited specification of the skewness of floods, a considerable reduction in the expected opportunity design losses results.
INTRODUCTION
Flood frequency analysis refers to those studies that seek to define the probability distribution of flood peaks and volumes. Although various distribution functions have been suggested, no one function has been accepted universally. Underlying the studies is the assumption that on an annual basis, floods are independently and identically distributed, and thus reference can be made to the T-year flood that is defined as that flood whose magnitude is exceeded with probability l/T, where T, measured in units of years, is referred to as the return period. Because the underlying distribution of floods is unknown, only an estimate of the T-year flood conditioned on an assumed distribution of floods can be provided.
In one way or another the estimate of the T-year flood is used to design structural and nonstructural measures for purposes of flood damage reduction. Different choices for the as- Table 3 .
For each point in the sample subspacei{F(x), 'y, n}, 50,000
'flood' sequences of length n were generated. The analytical forms of the algorithms for generating the flood sequerlces are given in Table 4, 
where &+ and 4-, the probabilities of overdesign and un- If G(x) as N is used, then overdesign is less likely to occur, but an underdesign is more likely to occur than if any other assumed distribution is used, regardless of the underlying distribution. With respect to minimizing the probability of un- Table I  Table 2  Table 2  G, Table I  Table 2  Table 2  L, Table I  Table 2  Table 2  W, Table I  Table 2  Table 2  N, Table I  Table 2  Table 2  N, Table I  Table 2  Table 2  N, Table I  Table 2  Table 2 N, Table I  Table2  Table 2 N, Table 6 b derdesign a particular G(x) is not dominant. Given F(x), n, 3', and T, the assumed distribution that minimizes the probability of overdesign will maximize the probability of underdesign.
Consequently, a dilemma is faced by those who have a stake in the reduction of flood damages, the designers, flood insurers, and the local citizenry. To what extent can one hedge simultaneously against both overdesign and underdesign? A strategy for hedging does not lie solely in seeking an assumed distribution of best statistical fit, for although a best fit may lead to minimizing the probability of overdesign, it would do so at the sacrifice of maximizing the probability of underdesign and vice versa. An optimal strategy depends upon one's aversion to risks inherent in overdesign and underdesign. Thus the choice of an optimal assumed distribution must take into account the trade offs between the overdesign and underdesign losses as well as the criteria by which the optimal choice is defined.
Optimal choice of assumed distribution. The overdesign and underdesign loss functions, given by (21) and ( 
Information level I• is taken as the total absence of information about the loss function and the analytical form of F(x). Information level I•. represents a body of information that allows F(x) to be identified. Information level Ia represents a
From the appendix the optimal choice of the assumed dis-body of information that allows one to identify 3' and k +/k-as tribution, G*(x), defined as that choice for which the expected. being within certain specified ranges. Table 7 for case 1. For case 2 the distribution of X over all F(x), F4X), is shown in Table 8 . For case I the distribution of X is shown in Table 7 for each possible choice of G'(x) relative to each F(x). From Table 8 it is seen that if a single distribution is used as G'(x) over the sample space, then the median value of X will be the smallest, less than 20% for N as G'(x), and the largest approximately 50% for W as G'(x). The median value of X is approximately 30% for L as G'(x) and approximately 20% for G as G'(x). Consequently, over all points of the sample space the preferred choice for G'(x) is N, even though only 1/27 of the sample space has N as F(x). From Table 7 it is noted that if
F(x) is N, then the preferred choice for G'(x) is N. Likewise, if F(x) is G, then G is preferred for G'(x). However, when F(x) is L or W, neither L or W is the preferred choice for G'(x). If F(x) i• L, one is almost indifferent between N and G as G'(x). If F(x) is W, N is preferred as G'(x). Except for the case where F(x) is
the Gumbel distribution (with the single value of skew 1.14), there is hardly a better choice for G'(x) than the normal dis- Relative to each intensity J the dominant distribution within each block for 13,j was determined where the dominant distribution D(x) was defined to be that assumed distribution G(x) that was optimal for the largest proportion of the points within a block. The specific D(x) for 13,•,, are given in Tables  C1-C6 In Table 10 Sensitivity of EODL to r. In the above discussions the various distributions of EODL were based on the assumption that the relative EODL was not sensitive to r, the shape factor for the loss functions. That this assumption is indeed valid may be seen from Table 11 where the values of F(X) for X = 0%, 10%, and 50% given information level 13,.
• do not vary appreciably as a function of r. For J = 81, F (X = 0) is approximately 80% •' r. Thus with respect to reducing the EODL, little would be gained by a detailed specification of r over and above that gained by a detailed specification of k+/k -.
SUMMARY AND CONCLUSIONS
A set of Monte Carlo experiments was carried out to assess the sensitivity of the design losses associated with flood damage reduction measures to the following factors: F(x), the underlying distribution of floods; G(x), the assumed distribution of floods; 3', the skewness of floods; n, the length of observed flood sequences; T, the design return period; r, the measure of shape of the loss functions; and k+/k -, the measure of relative scale of the overdesign (+) and underdesign ( 
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G*(x) varies over the sample space in a rather consistent manner but such that G*(x) often differs from F(x). 2. Given information level 1• (zero level), N is a better choice for the assumed distribution G'(x) unless F(x) is G, in which case G is the better choice of G'(x) in terms of minimizing the EODL. Over the distribution of F(x) as defined in the Monte Carlo experiments the better choice of G'(x) is N. 3. Given information level 12, which allows F(x) to be identified, then unless F(x) is N or G, the identification of F(x) is of no value relative to I• insofar as reducing the EODL. Thus it is better to specify G'(x) as N regardless of the identification of F(x). If F(x) is L or W, then the choice of N as G'(x) is
